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Abstract 
Change is one of the central aims of professional development for information and communication 
technologies integration in education. Studies on the use of ICT in education highlights the large 
investments in infrastructure and professional development, and the limited results in students 
learning. Teachers’ professional development for ICT integration in education (TPD-ICT)  has 
evolved from the development of technical skills to pedagogical skills and content-related 
knowledge. The gold standard and design-based approaches have dominated TDP-ICT. This study 
presents the Change Laboratory (CL) method as a formative intervention to motivate teachers to 
identify and overcome the barriers to ICT integration. The results showed that a professional 
development intervention based on CL stimulates transformative agency in the participants. Six 
forms of transformative agency, namely resisting, criticizing, explicating, envisioning, committing 
to actions, and taking actions, were found during the CL. The transformative agency was essential 
to motivate teachers to identify and propose a model solution to overcome both first-order and 
second-order contextual barriers.  
 
Keywords: professional development, barriers, information and communication technologies, 
higher education, change laboratory, activity theory, transformative agency.  
 
Introduction  
The direction of societies towards the use of technology in all fields of knowledge places a 
high pressure on universities to carry out an intensive integration of information and 
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communication technologies (ICT) (Huang & Price, 2014) as a transforming tool in 
teaching and learning.  
According to Kozma (2008), teacher professional development (TPD) is an essential 
component of operational policies for ICT integration. However, TPD is on the one hand a 
support and on the other, a barrier. Some research has pointed toward barriers as 
explanations for the limited results of ICT integration (Almekhlafi & Almeqdadi, 2010; 
Ertmer, 1999; Groff & Mouza, 2008; Pajo & Wallace, 2001). Ertmer (1999) has classified 
barriers as first-order and second-order barriers. The former are barriers that are external 
to the teacher and outside his/her control (Hixon & Buckenmeyer, 2009), and include a 
lack of equipment, lack of time, lack of support, and insufficient quality of TPD. To 
Ertmer (1999), first-order or external barriers are relatively easy to eliminate once money 
is allocated, so that attention should be given to second-order or internal barriers. The 
latter, the internal barriers are those impeding fundamental changes that are connected to 
teachers’ underlying beliefs (Ertmer, 1999), such as teachers’ lack of interest, resistance to 
change, or lack of confidence. To Hew and Brush (2007), it may be problematic to give 
attention to second-order barriers in isolation if the assumption is that overcoming the 
second-order barriers is all that is needed. Moreover, Hixon and Buckenmeyer (2009) 
acknowledge the importance of addressing all the barriers, and recommend that teachers’ 
professional development support this task. 
TPD is one of the most valuable ways to facilitate the overcoming of barriers by teachers. 
However, a lack of opportunities, an insufficient offer of TPD, a low quality and 
inappropriate approaches of TPD-ICT are, likewise, first-order barriers (Goktas, Gedik, & 
Baydas, 2013; Goktas, Yildirim, & Yildirim, 2009). Moreover, the focus of TPD-ICT 
initiatives has been placed over solving the technical, pedagogical and content-related 
limitations for teachers adopting technology in the classroom. The attention has been 
primarily placed on the development of technological skills, and secondly on the 
pedagogical and didactical approach to technologies. Recently, the knowledge content 
dimension has been added to TPD-ICT in a more comprehensive approach (Koehler & 
Mishra, 2008). However, the initiatives remain oriented to individual adoption by 
teachers, and not to collective integration. The researchers are still cautious about the 
contribution of TPD in transforming ICT integration in education. According to Buabeng-
Andoh (2012), despite the central role of TPD in fostering the adoption and integration of 
technology in education, and the high investment in training, the results are limited.  
The difficulties are perhaps due to a combination of a lack of adequate approaches in the 
study of barriers to ICT adoption and integration (Castro & Nyvang, 2018); and a lack of 
knowledge of the current challenges in professional development for ICT in education. 
The barriers faced by teachers are not considered at the classroom level or in relation to 
their individual internal dimension. There is a complex relationship between causes and 
effects on teachers’ feelings, beliefs and behaviour (Castro, 2016).  
According to Haapasaari, Engeström, & Kerosuo (2014), sustainable transformations 
require employees to take an active role. New approaches to provoke profound changes in 
work organizations are required to overcome the barriers to ITC integration in education. 
In this regard, this study aims to answer the following questions: (a) What expressions of 
transformative agency are found in a Change Laboratory professional development 
intervention to integrate technology in a university department of mathematics? And (b) 
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How does transformative agency enable university teachers to identify and overcome 
barriers to technology adoption and integration?  
Teachers’ Professional Development for ICT Adoption 
The evolution of TPD-ICT can be divided into three periods: (1) the period before 1999, 
(2) from 1999 to 2007, and (3) after 2007. Because it is an evolutionary process, the 
boundaries between these eras are not explicit. According to Lawless and Pellegrino 
(2007), before 1999 TPD-ICT was primarily focused on the reduction of the digital divide, 
with a tendency to have one-shot workshops detached from daily teaching practices. 
Regarding barriers, this period prioritized the addressing of first-order barriers (Ertmer, 
1999). During the second period, from 1999 to 2007, there was a shift into bigger 
offerings, with activities of a longer duration and follow-up opportunities. Situated 
learning approaches became increasingly common because of the integration of design-
based principles into the development of the TPD-ICT curriculum. A significant reflection 
and ownership by teachers were among the positive results of this period. Moreover, the 
emergence of communities among teachers became relevant. Mentoring and coaching 
were also effective alternatives for TPD-ICT (Lawless & Pellegrino, 2007). 
The two periods of TPD-ICT match the two initial categories of transmission and 
transition, in Kennedy's (2005) framework of TPD models. Kennedy includes a third 
category, the transformative model, which includes action and research-based 
transformative interventions. Transformative models of TPD-ICT can be seen in the third 
period from 2007 to the present date. Two basic characteristics define the transformative 
category: An increase in professional autonomy and potential opportunities for 
practitioners to influence the agenda (Kennedy, 2005, p. 248). Furthermore, a particular 
feature of the transitional and transmission models is that the parameters of intervention 
are defined by some external party, usually one in a position of power (Kennedy, 2005, p. 
248). From a theoretical perspective, Illeris (2014) conceives transformative learning as 
learning that implies changes in the identity of the learner (p. 577). Even though identity 
comprises social and sociological dimensions, which are important in transformative 
learning, this seems to remain as an individual transformation. Conversely, Engeström, 
Sannino, and Virkkunen (2014) consider transformative experiments as those that 
radically restructure the environment, producing a new configuration that activates 
previously unrealized behavioural potentials of the subject. The three periods of TPD-ICT 
resemble the three types of dominant forms of experiments in educational research 
(Engeström, 2011) and the three categories of professional development of transmission, 
transition and transformation of Kennedy (2005). Gold standard experiments, or 
transmission TPD, and design experiments, or transitional TPD, have been dominant in 
the ICT adoption domain.  
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Table 1:  Engeström's (2011) types of educational experiments vs Kennedy's (2005) 
categories of TPD  
 
Engeström's types of 
educational experiments 
Kennedy's 
categories of TPD 
Gold standard experiments Transmission 
Design-based experiments Transitional 
Formative interventions Transformative 
 
According to Engeström (2011), linear interventions such as gold standard and design-
based interventions differ from formative interventions in four central aspects: The 
starting point, the process, the outcome, and the researchers’ role. In the following review 
of the literature, those four aspects will be used, plus two others: The intervention 
approach and the unit of development. The first of these two explains the pedagogical 
approach of the intervention, and the latter refers to the minimum unit which is the subject 
of the intervention or, in other words, the individual or group of individuals at whom the 
professional development is aimed.  
An intervention in the tradition of Cultural-Historical Activity Theory is defined by 
Virkkunen and Newnham (2013) as a “purposeful action by a human agent to support the 
redirection of ongoing change” (p. 3). Teachers’ professional development is about the 
manifestations of particular change strategies (Fraser, Kennedy, Reid, & McKinney, 2007) 
whose common purpose is “to alter the professional practices, beliefs and understandings 
of school persons toward and articulated end” (Griffin, 1983 in Guskey, 2007, p. 381). 
TPD-ICT interventions are educational interventions intended to promote teachers’ 
adoption of technology for teaching and learning. 
In TPD-ICT initiatives, design-based approaches have flourished in the past decade 
(Curwood, 2013; Desantis, 2013; Wang, Hsu, Reeves, Coster, & Longhurst, 2014). Linear 
interventions prevail in different forms. Rogers and Twidle (2013) reported on teacher-
training programmes based on instructional events through blended learning courses over 
periods of six weeks. Lavonen, Juuti, Aksela, and Meisalo (2006) reported on 13 two-day 
face-to-face seminars and conferences, and Gibson et al.'s (2014) intervention was based 
on training sessions. The Intel Teach Program used a problem-solving approach through a 
five-day course, based on computer and internet skills training (Uslu, 2012). Similarly, 
workshops and course-based interventions were reported by Angeli and Valanides (2009); 
Bradshaw, Twining, and Walsh (2012); Koh and Chai (2014), and Unger and Tracey 
(2013).  
Moreover, four articles reported mentoring as the approach to professional development, 
either on its own (Haydn & Barton, 2007) or in combination with other approaches such 
as workshops (Jaipal-Jamani & Figg, 2015; Polly, Mims, Shepherd, & Inan, 2010) and 
communities of practice (Kopcha, 2012). Finally, it is relevant to highlight an attempt to 
introduce theoretically and methodologically different approaches for professional 
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development intervention. Kinley (2015) developed participatory design-based workshops 
for teachers in Bhutan. Lehiste (2015) based an intervention on the Technological 
Pedagogical Content Knowledge model (TPACK) and action research. Similarly, Phelps 
and Graham (2008) used a metacognitive approach through action research, and Coto 
(2008) used a combination of a situated learning approach, based on communities of 
practice, and a problem-oriented project pedagogy.  
Professional development interventions for which the starting point for the content and 
goals were reported share the characteristic of linear interventions in that both content and 
goals are known ahead of time by the interventionist. Regarding the content, the focus was 
on technical skills relating to the interconnection between technology, pedagogy, and the 
subject contents, and they were mostly facilitated by the TPACK framework. Regarding 
goals, none of the articles reported changes in teachers’ beliefs as the aim of the 
intervention. This goal is expected to be achieved indirectly.   
Regarding the process of the intervention, the main characteristic of linear interventions is 
that the participants are expected to execute the intervention without resistance 
(Engeström, 2011). An approach such as participatory design (Kinley, 2015) allows some 
level of participation by the practitioners. However, most of the linear and design-based 
interventions establish beforehand the content and activities to be executed by participants 
during a defined number of sessions. For instance, in the Intel Teach Program (Uslu, 
2012) the participants were instructed about the technology aided project-based learning. 
Design-based interventions (Curwood, 2013; Desantis, 2013; Wang et al., 2014) promote 
more participation and control over the tasks. However, the tasks are defined beforehand 
by the interventionist, and teachers are expected to follow the tasks of the process. They 
have little chance to change the established goals.  
Standardized solutions are expected outcomes of linear interventions. In Kinley (2015), 
the teachers were asked to prepare a poster for presentation at the end of the workshops. In 
Lavonen et al. (2006), the participants developed and introduced new teaching methods 
with ICT support. Similarly, in Gibson et al. (2014) practitioners were asked to develop a 
lesson plan, and in Uslu (2012) they were required to prepare technology-aided project-
based unit plans. In Rogers and Twidle (2013) the main outcome relied on the integration 
of ICT in the curriculum and the expected change in a teacher’s pedagogy. An important 
difference is in Phelps and Graham (2008); here an action research approach was used and 
facilitated the participants’ empowerment by putting them in charge of their learning. This 
type of intervention facilitated certain levels of agency in the teachers.  
Regarding the unit of development, the studies were, with a few exceptions, oriented 
towards the teachers’ learning. However, in the cases where others’ roles were included, 
the focus remained on the teachers. For instance, in Gibson et al. (2014), school 
administrators, students, and parents also participated in the intervention. Angeli and 
Valanides (2009) showed a strong involvement of students in an instructional technology 
course. Even though some of the approaches, such as participatory design and 
communities of practice, promote collaboration, the outcome remains as an individual 
implementation by teachers at the classroom level. Only one of the articles reports on a 
professional development intervention oriented towards the school leaders (Abdul Razzak, 
2013). To conclude, it is important to highlight that in the past decade new initiatives have 
pointed towards transformative approaches to TPD-ICT, primarily through action research 
models (Bradshaw et al., 2012; Lehiste, 2015; Peeraer & Van Petegem, 2012).    
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Transformative Agency in Formative Interventions 
The existence of changes in activities is a condition for a transformative agency 
(Engeström, 2011). According to Haapasaari et al. (2014), theory and research on agency 
have remained focused on individuals. Professional development for the adoption and 
integration of ICT in education lacks a similar individualism in its development. Similarly, 
the barriers teachers in ICT adoption and integration has mainly been studied by 
considering teachers’ perceptions of the barriers (Castro & Nyvang, 2018). However, an 
appropriate interpretation of transformative agency necessarily implies collective 
production and maintenance (Haapasaari et al., 2014, p. 4). In the tradition of Cultural-
Historical Activity Theory, within which CL is located, transformative agency is defined 
as “breaking away from the given frame of action and taking the initiative to transform it” 
(Virkkunen, 2006, p. 49). According to Haapasaari et al. (2014), six types of expressions 
of transformative agency can be found in CL formative interventions:  
 
• Resisting change through new suggestions or initiatives   
• Criticizing the current activity and organization with the aim of identifying 
problems at work 
• Explicating new possibilities or potential in the activity  
• Envisioning new patterns or models in the activity 
• Committing to taking concrete new actions to change the activity 
• Taking actions consequent to the process of change of the activity  
The types of expressions of transformative agency are not linear. Rather they can appear 
in different moments during the laboratory.   
Change Laboratory Theoretical Underpinnings  
The aim of this section is to present the underlying theoretical concepts of Change 
Laboratory as a transformative intervention within the tradition of Cultural-Historical 
Activity Theory.  
The Change Laboratory method (CL) is based on the theory of Expansive Learning 
(Virkkunen & Newnham, 2013, p. xvii), which understands human development as the 
process of the reconstruction of mediated actions. The foundational principles of 
Expansive Learning are related to the unit of analysis, the collective dimension of the 
participants in learning, the historical dimension, the essential role of contradictions as 
triggers for change and development, and the possibility of expansive transformations in 
activity systems (Engeström, 2001). The minimal unit of analysis in Expansive Learning 
is the collective, artefact-mediated, and object-oriented activity system in its interaction 
with at least one other activity system that is itself collective, artefact-mediated, and 
object-oriented (Engeström, 2001). The collective nature of the activity system is 
foundational to the second principle, that of multi-voicedness. As the activity system is 
collective, the different participants of the activity have their own thoughts, worldviews, 
and forms of expression. A third principle is historicity, understood as the accumulated 
transformations of the activity through time. According to Engeström (2001), problems 
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and potentials can only be understood through the history of the activity. The fourth 
principle refers to the concept of contradictions as sources for change and development. In 
Expansive Learning, a contradiction is the historical accumulation of structural tensions 
within and between activity systems (Engeström, 2001). The fifth principle is that 
Expansive Learning proclaims the possibility of expansive transformations in activity 
systems. Thus, an expansive transformation is accomplished when the object and the 
motive of the activity are re-conceptualized and there are new possibilities for performing 
the activity.    
The Zone of Proximal Development (ZPD) is a fundamental concept in Expansive 
Learning theory. Vygotsky defines ZPD as “the distance between the actual development 
level as determined by independent problem-solving and the level of potential 
development as determined through problem-solving under adult guidance or in 
collaboration with more capable peers” (Vygotsky, 1978, p.86).  
The definition of ZDP has been reformulated by Engeström (2015) to allow a collective 
perspective of the concept. In Expansive Learning, the ZDP is understood as “the distance 
between the present everyday actions of the individuals and the historically new form of 
the societal activity that can be collectively generated as a solution to the double bind 
potentially embedded in everyday actions” (Engeström, 2015, p. 138). 
Expansive Learning is not a linear process. Instead, it is a cyclical journey of learning 
actions (Engeström et al., 2014). The ideal sequence of learning actions comprises 
questioning the accepted practice, carrying out a historical and actual-empirical analysis of 
the activity, modelling a possible solution, examining the model, implementing the model, 
reflecting on the process, and consolidating the outcomes into a new and stable form of 
practice (see Figure 1) (Engeström, 1999, p. 384). 
 
Figure 1. Seven Expansive Learning actions in the steps of a Change Laboratory (Virkkunen & 
Newnham, 2013, p. 75) 
According to Virkkunen and Newnham (2013), the intention of a Change Laboratory 
intervention is collaboratively to carry out a cycle of Expansive Learning actions and to 
take a major step forward from the current phase of the activity in its overall expansive 
development (p. 74). Moreover, the Change Laboratory method meets the formative 
intervention principles of dealing with a problematic and contradictory object and not with 
previously known content of the intervention as a starting point. The process is based on 
negotiations regarding the content and goals of the intervention, thus fostering the 
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participants’ agency. New concepts are generated that may be used as frames to local 
solutions in other settings, and the interventionist as facilitator provokes and sustains an 
expansive transformation process led and owned by the practitioners (Engeström, 2011).  
The CL Intervention 
The Change Laboratory intervention was conducted at the Department of Mathematics at 
Universidad Nacional (UNA), Costa Rica. The primary aim of the Department of 
Mathematics is to prepare teachers of mathematics for teaching secondary school 
education levels. The academic curriculum is called Teaching of Mathematics (ToM). The 
curriculum in ToM is designed and taught by the Department of Mathematics and the 
Faculty of Education. The national curriculum of mathematics influences the ToM 
curriculum through the acknowledgment of the importance of ICT for students’ learning, 
and ICT is included as one of its disciplinary axes (Calderón, 2016). The national 
curriculum has demanded changes in the university mathematics curriculum by requiring a 
major integration of technology in order to improve university students’ training to 
become teachers in secondary education. 
A secondary academic programme in the Department of Mathematics is called elective 
courses (EC). The aim of EC is to teach mathematics to students of other university 
academic programmes and fields, such as informatics, chemistry, and business 
administration. The Department of Mathematics has around 60 university teachers. Every 
teacher can teach both ToM and EC. 
The potential intervention in the Department of Mathematics was proposed by the 
interventionist during exploratory research with teachers at UNA regarding the adoption 
of technology in teaching and learning. In one of the focus groups, teachers who were 
willing to use technology complained about the limitations imposed by colleagues who 
were unwilling to integrate technology into the Department despite the acknowledged 
importance of integrating technology into the mathematics curriculum.      
In January 2016, the researcher had an initial meeting with the Head of the Mathematics 
Department to present the intentions for the intervention and to agree on a management 
approval. At the meeting, the Head of the Department recognized the intention to 
encourage important changes in order to solve the limited integration of technology in the 
Department in respect of both ToM and EC. Seven Change Laboratory sessions were 
carried out with 14 university teachers of ToM and SC who were teaching in the first 
semester of 2016. The participants were both active and passive regarding the adoption of 
technology for teaching and learning. The teachers were requested to participate. 
According to the Head of Department, open and voluntary participation could not be 
assured. Participants were offered a participation diploma that could ultimately be used to 
obtain a better academic position and an increased salary. A summary of the sessions is 
presented in Table 2. 
Before the sessions, ethnographic data were collected, with the aim of gaining contextual 
knowledge and a more detailed understanding of the problem that was to be addressed. 
Moreover, the data were used to plan the first session of CL intervention and as mirror 
data. To collect the ethnographic data a focus group meeting was held beforehand with the 
teachers in the Mathematics Department. Another focus group meeting was held with four 
students in the ToM academic programme. Two interviews were conducted with two ToM 
programme graduates. One further meeting was carried out before the CL sessions with 
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the Head and the sub-Head of the Department. Ethnographic data was audio and video 
recorded. Seven sessions of two hours were conducted from April to June 2016. Only the 
first session was planned in advance. 
 
Table 2: A summary of the seven CL sessions (adapted from Haapasaari et al., 2014, 
p. 7) 
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Sharing 
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form of 
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7 08/06/2016 Construction 










Analysis of the data 
The first part of the analysis was aimed at answering the question of what types of 
expressions of transformative agency were found in the university teachers in a CL 
professional development intervention for ICT integration. The data analysed consisted of 
seven video recorded CL sessions. The data were transcribed. The transcriptions were 
organized and analysed for each session. The data in the transcriptions were coded into the 
six categories of expressions of transformative agency (Haapasaari et al., 2014, p. 11): 
Resisting, criticizing, explicating, envisioning, committing to actions and taking actions. 
189 expressions of transformative agency were identified in the seven sessions. During the 
CL intervention, the most commonly found type of formative agency was criticizing (70), 
followed by envisioning (49), resisting (37), explicating (24), committing to actions (8) 
and taking actions (1). A possible explanation for this lies in the time devoted to the 
specific Expansive Learning actions. According to the dynamics of the sessions, three 
sessions were oriented towards questioning, two towards analysis and two towards model 
solutions. The types of expressions of transformative agency found in the CL will be 
described by session to evidence the dominant type of expression in each session. 
Moreover, the dominant target of the agency expressions regarding the activity of teaching 
with technology will be presented. 
Expressions of Agency in CL Sessions 
As shown in Table 1, the first session was aimed at questioning the daily practice. The 
teachers acknowledged the students’ learning as the main goal and the motive for adopting 
technology in teaching. The most commonly expected outcomes are related to the students 
learning the content, the students’ personal success during the course or afterwards, 
changes in the students’ beliefs about mathematics, students’ development of motivation, 
and students’ improvement in grades. The predominant form of transformative agency in 
session one was criticizing the current activity and some particular forms of work in the 
Department that limited the teachers’ activity. The criticisms went beyond the adoption of 
technology and addressed difficulties in teaching mathematics in general. The main point 
of the criticisms was the students’ lack of effort, interest, and thought, and this was 
followed by criticisms of the organizational, administrative or academic conditions. The 
less pointed criticisms were on the teachers themselves. Explicating was the second form 
of transformative agency in session one, followed by resisting and taking action. The 
expression of taking action regarded the activities to be carried out in session two. In 
session one there was no transformative agency regarding envisioning or committing to 
actions. 
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In the second session, resistance and criticism were the most relevant forms of expression 
of agency. The presentation of mirror data to promote the questioning of practices 
triggered certain defence mechanisms in the participants. The resistance and criticisms of 
the participants were oriented towards factors that were external to their practice. 
Regarding the resistance form of agency, the participants showed resistance to the 
intervention method, questioning, for instance, the validity and the perceptions of the 
mirror data. Moreover, resistance was evident regarding the external influence on the 
process of adoption or integration of ICT and because the teachers were forced to change. 
Similarly, the expressions of agency regarding criticism were primarily addressed to 
external factors. To teachers, the students are crucial obstacles to their adoption of 




T4: The student wants that you to bring everything done and present it. Here you see their 
contradictions. In the course of statistics, we use software, some are free, but you have to 
program. When you start working the software with them, because they have to program, they 
say: I do not like this software; I will not use it because I do not know how to program.   
 
Even though major criticisms were made about the students, there were also some 
criticisms of the organizational conditions, both academic and administrative. Moreover, 
some participants criticized the teaching practices. The criticisms were accompanied by 
expressions of the envisioning of new possibilities in the practice that would permit the 




T4: If the technology is already a tool that is already necessary from the point of view of the 
approach of the career it would have to change, but the same university would have to give the 
tools to do so, and already the courses are centred on that line.   
 
It is important to highlight that it is by no means the case that the appearance of 
expressions of agency is linear from resistance and criticism to envisioning. On the 
contrary, their emergence is the result of a process going back and forth among topics and 
participants.  
The resistance and criticizing expressions of agency decreased in session three. 
Conversely, explicating and envisioning increased. There was no commitment to actions 
or taking actions in session three.  
The expressions of criticism were oriented to the lack of participation, in the CL, of the 
Heads of Department and other actors who were in charge of taking decisions regarding 
the curriculum and administrative issues in the Mathematics Department. Some of the 
expressions that in previous sessions were identified as resistance, became criticisms. For 
instance, in previous sessions the participants were resistant to being compelled to adopt 
the technology. In session three, the discussion about whether or not the Department 
should integrate technology turned into an acknowledgment of the importance of 
technology, but of the limitations in the form of the current activity and the particular 
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organization, which were limiting integration. The slight movement is confirmed by a 
substantial number of expressions of envisioning. The following excerpt shows a new 





T6: T2 wondered about the purpose of the discussion that we are having here. Then, we already 
respond to ourselves. If there are no means, I think that one thing that has to come out from 
here is to search the ways for these means to exist. 
 
The envisioning at this point was not an organized model of change in the activity but 
was, instead, a group of suggestions that worked as a basis for building further ideas. 
Some of the expressions of envisioning overtook the previous expressions of criticism and 
resistance. For instance, it was proposed that the former criticism of the lack of integration 
between the Department of Mathematics and the Faculty of Education in planning and 
teaching ToM could be met through the development of joint workshops for the adoption 
of technology. The envisioning also showed a shift from a critical focus to an envisioning 
focus. In the earlier sessions, the students were the primary source of limitation. However, 
the envisioning in session three suggested changes in the teachers' perspective, and 
organizational changes. Some of the expressions of envisioning led the participants to 
realize the importance of taking decisions and action. The contents of session four from 
the further actual and historical analysis of the activity motivated an increase in criticizing 
expressions of agency.  
Instead, session five was the other time in which the envisioning expressions of agency 
were relevant. It was pointed out that several elements required change. A relevant 
reflection in the dialogue regarded the significance of what was currently being taught to 
students. To what extent were the teachers aware of and concerned about the significance 
of teaching and of the importance of technology in ToM? As mentioned above, the 
purpose of ToM is to educate future teachers of mathematics at the level of secondary 
education, where using technology is compulsory. As stated before, the envisioning form 
of agency is not isolated or free from criticism or resistance to proposed initiatives. The 
following excerpt is an example of two consecutive interventions of T1 and T6, in which 
the former proposed a new model (envisioning) and T6 criticized the current organization 




T1: To deal with the tension, one of the possible ideas is reflection among colleagues because 
they cannot reflect among colleagues if there is not willingness. Something important is that no 




T6: In fact, yes, unfortunately, they were not here from the beginning. Let's say that you meet 
with them and they acknowledge to incorporate technology and buy smart boards for all 
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classrooms. In this discussion, we have talked about not having smart boards. So, I think it is 
worrying that if those actors are not here, in this discussion, everything can be lost.   
 
The sixth session is to some degree a continuation of the previous one, in the sense that 
there was an interaction between the envisioning and the criticizing forms of agency. 
However, the following excerpt of a committing to action expression of agency indicates a 




T1: When this workshop concludes the thing does not end in some videos, what we did, what 
we said. At least all this information has a goal, that can be presented to the managers, and they 
with the teachers submit a plan of action to institutional authorities.  
 
The last session was important with regard to a more concrete model. However, because 
of time limitations it was not possible to conduct more sessions. The Expansive Learning 
cycle did not conclude. Session seven was stronger in expressions of committing to 
actions. Those expressions were oriented to concrete actions to put the solutions into 
practice with concrete deadlines. Further ideas came up to complement the model and to 
concretize the ideas. As mentioned before, because it was not possible to go beyond this, 
the learning action, of taking action expressions of agency, did not take place.   
The second aim of the study was to identify to what extent agency supported the 
university teachers in identifying and overcoming the barriers of the adoption and 
integration of technology. In the next section, I will present a brief analysis of how the 
barriers were addressed by the participants. 
The Expressions of Agency and Barriers  
A CL formative intervention is based on the theory of Expansive Learning (Virkkunen & 
Newnham, 2013). The typical sequence of actions in the Expansive Learning cycle is 
questioning, analysing, modelling, examining the model, implementing the model, 
reflecting, and consolidating. In the study, seven sessions were planned, with the intention 
of going through all the Expansive Learning actions. However, the study also sought the 
participants’ agency in the intervention progress. In the case of the CL intervention in the 
Mathematics Department, the relationship was not balanced between the sessions and the 
expansive epistemic actions. For instance, the action of questioning mainly occurred 
during sessions one to three. The action of analysis took place in session four and part of 
the fifth session. In the fifth session, an intention for modelling arose, and this extended 
over sessions six and seven. Because of restrictions of time it was not possible to complete 
the cycle of Expansive Learning actions. However, to meet the aim of the study, the 
expressions of agency shown by the teachers were analysed for the seven sessions that 
were conducted. The occurrence of Expansive Learning actions during sessions is not 
discrete, as they can overlap between sessions. Moreover, types of transformative agency 
may appear indistinctly in any Expansive Learning action and session.   
I use the route through the Expansive Learning actions in the study to analyse how the 
expressions of agency influenced the teachers in identifying and overcoming barriers. The 
learning action of questioning is aimed at criticizing or rejecting some aspects of the 
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accepted practice (Engeström, 2015). In the first three sessions, which were mainly 
devoted to questioning, the teachers pointed to the students as the primary barrier in their 
practice. The students are both a source of joy and a source of frustration because of their 
lack of maturity and lack of discipline as well as the absence of consequences when they 
do not fulfil their responsibilities. Moreover, the participants agreed that the students do 
not understand what it means to adopt technology. The students can be categorized as an 
external barrier to the teachers. According to main approaches in the study of barriers, the 
students are an external barrier to teachers and the teachers have little or no ability to 
overcome external barriers. Later in the process of questioning, the participants pointed 
out other external barriers, such as the nature of the curriculum, and the lack of resources 
and university guidelines. However, when reflecting on the lack of university guidelines, 
the potential responsibility of the teachers was part of the debate. The discussion on 
barriers moved slightly from external to internal barriers, stimulating questions on why the 
technological resources were not used in a pedagogically correct way. The participants 
gave possible reasons for this, such as the lack of space for reflection, which provoked 
particular uses of technology, and opposing opinions about whether their decision to use 
technology was up to themselves or an institutional obligation. Further barriers appeared 
in the dialogue, such as the traditional approaches to teaching mathematics, the ToM 
curriculum, the course contents and the diversity of the students. Moreover, the lack of 
integration between the Mathematics Department and the Faculty of Education was seen 
as an important barrier. As previously mentioned, the institutional guidelines stated that 
the curriculum of ToM must be designed and taught jointly. Based on the historical 
analysis step in Expansive Learning,  the barrier of the separation between the 
departments has historical roots. After some reflection, T1 proposed the idea of holding 
workshops with teachers of the Mathematics Department and the Faculty of Education as 
a means of reducing the gap.  
The CL intervention moved into the analysis step. With the support of the activity system 
model, barriers were found that related to formal or informal rules, such as the national 
and university curriculum and the lack of correspondence between curriculums. Further 
curriculum-related rules were discovered, such as the outdated expectations of the profile 
of students in relation to ICT skills, the traditional methodological approach for teaching 
mathematics, and the heavy load of content in the individual course curriculum. However, 
these barriers have other underlying causes, such as the time pressure to cover all the 
contents of the courses, the quality of the course materials, and the lack of attention to 
institutional guidelines. The analysis allowed the participants to identify the traditional 
methodology of teaching, which was rooted in their own teaching, as an essential 
limitation in the Department. They related the lack of changes in their rooted pedagogical 
beliefs to the lack of time and conditions to reflect on and change their practice. Regarding 
barriers, a relationship between an internal and external barrier can thus be seen.  
After the epistemic action of analysis, the participants identified structural limitations in 
the daily practice, and they showed an awareness of the necessity of changing to develop 
ways of using technology that benefitted the students’ learning. They realized the 
necessity of actions such as the further internal research, and the importance of sharing 
good practice as a means to solving problems. Although questioning and analysis 
demonstrated that there were many barriers, the teachers agreed that the lack of 
willingness among them was a structural barrier in the Department that had to be 
overcome in order for there to be departmental integration. The structural barrier, 
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according to the participants, was related to many other barriers, such as the absence of an 
institutional culture, the lack of basic knowledge of technology among the teachers, the 
lack of time to search for and test out resources, their own comfort zones, and the lack of 
resources, among others.  
Later, the participants discussed the necessity of time for reflection among colleagues as a 
way in which to motivate willingness. The lack of time for reflection had been mentioned 
as a barrier in previous sessions. The teachers went further and described those who might 
be included as participants in future reflection. They discussed including not only other 
colleagues in the Mathematics Department but also the authorities, the heads of 
department and external colleagues in other departments such as the Faculty of Education. 
The proposed idea was a follow-up of other ideas presented in previous sessions.   
The process moved into modelling a solution to the structural barrier of the teachers’ lack 
of willingness to adopt technology. The participants proposed the creation of spaces for 
sharing previous experiences regarding ICT adoption. Furthermore, they described some 
of the potential characteristics of the meetings. They visualized the meetings as spaces for 
sharing experiences of previous implementations, rather than traditional training 
workshops. This characterization is a more advanced version of an earlier and immature 
idea about sharing experiences through termly reports. The process of modelling ended up 
with the concept of round tables as a model to overcome the teachers' lack of willingness 
and other related barriers such as changes to the curriculum or a lack of coordination 




T6: The idea that we have of a round table is about to bring three colleagues that we know have 
implemented the technology and start discussing. A space for discussion. In fact, we mean, a 
colleague who has worked with the digital whiteboard. The expert that came to teach us how to 
use the whiteboard did not convince me, but he was not a mathematician. Maybe some of the 
colleagues who have used it [the digital whiteboard] in the mathematics classes can convince 
us. Maybe another who has used software and anyone that has used apps. 
 
The participants then discussed the concept of a round table, its characteristics and the 
concrete actions required for its implementation. The concept of a round table was 
proposed as the context in which the teachers could learn to change their lack of 
willingness, which was a structural barrier to integrating ICT in the Department. 
Furthermore, the characteristics of solution continuity and durability were stated as 
essential for the success of the round tables. The following excerpts are examples of the 




T1: In fact, we concretized it in one Wednesday per month. Four sessions per semester, we 
consider it is an adequate number. We are not saying that it should be a process of training but 
of sharing experiences and if there is any necessity of specific training, then it should emerge 
from the same participants.  
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T1: It is necessary to have the participation of the coordinators of academic committees, of the 
curricular committee, the heads of department and the Faculty of Education. For example, the 
course of didactic resources of the Faculty of Education has to be completely linked with our 
courses. We need to know what they do or they can tell us what they are they doing because 
maybe it works for us.  
The obtained results at this point of the intervention presented a positive outlook to move toward 
further steps of implementation of the proposed solution. However, time limitations to continue 
with the intervention were an important restriction. The following section of conclusions has been 
developed with the restriction in consideration.  
Conclusion 
A Change Laboratory was conducted with university teachers in the Department of 
Mathematics at the Universidad Nacional of Costa Rica to study the type of expressions of 
transformative agency emerging in a professional development formative intervention to 
overcome the barriers to the adoption and integration of technology.   
The first part of the analysis presented the types of expressions emerging during the 
evolution of the sessions. During the seven sessions, criticizing was the most frequent 
form of transformative agency, followed by envisioning, resisting, explicating, committing 
to actions and taking actions. The results can be related to the time invested in the 
epistemic actions of Expansive Learning. In other words, it can be expected that, as more 
time was invested in questioning, expressions of resistance and criticism flourished. In the 
study, time restrictions meant that it was not possible to move beyond the learning action 
of modelling, limiting the appearance of agency in the form of committing to actions and 
taking actions. Therefore further research must be conducted in order to study the possible 
relationships between the expressions of transformative agency and the Expansive 
Learning actions.   
The fact that resisting was not the primary or even the secondary form of agency is 
perhaps an indicator that the teachers were not, per se, resistant to change. Rather, a 
complex structure of barriers depicts a complex scenario regarding the adoption and 
integration of technology. The lack of an adequate habitat for ICT integration can be seen 
in the number of expressions of criticizing, which was the first type of agency. Moreover, 
the relevance of envisioning as the second most frequent expression of agency suggests an 
intention of the teachers to address the problems and to offer solutions for a new way of 
working. To answer the question of which expressions of transformative agency are seen 
in a CL professional development intervention, the study demonstrates that the six types 
of expression of transformative agency (resisting, criticizing, explicating, envisioning, 
committing to actions and taking actions (Haapasaari et al., 2014)) were all found. 
Criticizing and envisioning were the most frequent forms, followed by resisting and 
explicating. Finally, committing to actions and taking actions were the least frequent 
expressions.   
In relation to how transformative agency helps university teachers to identify and 
overcome barriers to the adoption and integration of technology, the study demonstrated 
that the sessions regarding the learning actions of questioning and analysis were 
appropriate, not only to identify the barriers but also to develop a sense of awareness of 
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the limitations from an individual and collective perspective. The CL promoted the agency 
of the participants as a form of motivation to direct their discourse and actions, not only 
during the sessions but also in promoting a real integration of technology in the 
Department of Mathematics. An obvious example of the contribution of CL and agency to 
the identification of barriers was the conclusion about the structural barrier of the lack of 
willingness of teachers to adopt technology. 
The development of agency was also a tool for modelling a potential solution to overcome 
the structural barriers that were identified. Moreover, according to the participants, other 
barriers could be addressed simultaneously.  
Furthermore, the study showed that the structural and related barriers, and the 
corresponding solutions, were context-oriented. For instance, the barrier of the lack of 
coordination between the Department of Mathematics and the Faculty of Education cannot 
be generalized to other departments in the university. 
Moreover, it was found that barriers do not exist in isolation. On the contrary, they co-
exist and mutually affect each other. A barrier can be a trigger for further barriers, both 
internal and external. The analysis showed that both external and internal barriers could be 
jointly addressed. This is consistent with studies that encourage researchers to examine the 
relationships between first-order and second-order barriers in greater detail (Hew & 
Brush, 2007, p. 241).  
The results show that the interaction between barriers to ICT adoption and integration and 
the way in which they are overcome are not linear. Moreover, to overcome one barrier 
does not guarantee that adoption will take place. On the contrary, it is necessary to 
overcome a group of barriers or institutional conditions (Castro & Nyvang, 2018). The 
study shows that there is a complex network of tensions (as an alternative to barriers) that 
limit adoption by individuals and the organizational integration of technology. In that 
complex configuration of tensions, one or more structural tensions can be identified. 
Tension is structural when attention to it is pivotal for the activity to be achieved 
successfully. The structural tension in a network is the tension identified by practitioners 
that, once addressed, contributes most to transforming the practice. Moreover, overcoming 
the tension could also address, at least partially, some of the other tensions in the network.  
The structural tension is not a superficial, casual, or short-term limitation. Nevertheless, it 
accumulates over time. In other words, the complexity and importance of the structural 
tension arise from its history and roots in practice. It is expected that the more rooted the 
tension is in practice, the harder it is to change it.  
The study shows that the university teachers did not stop when they had identified 
barriers. Instead, they moved on to propose solutions. This result is quite different from 
the results of previous studies on barriers based on teachers’ perceptions, in which the 
participants were merely informers. Furthermore, the agency in the CL intervention 
motivated the teachers to identify the necessity for other actors such as the Head of 
Department or academic coordinators to participate. The result showed that the barriers 
went across organizational levels and could not be exclusively overcome by the teachers.  
Finally, the participants were motivated to propose round tables to share previous 
experiences of colleagues on their implementation of ICT, as a way to overcome the 
structural tension they had identified. The concept of a round table evolved during the 
process, through the proposal of ideas. The model of a round table had the potential to 
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address not only the structural barriers but also some of the networked barriers. With the 
concept of meetings by round tables, the teachers expected to promote more spaces for 
reflection and discussion, to facilitate real changes in the curriculum and to facilitate 
coordination between the Department of Mathematics and the Faculty of Education. The 
participants were motivated to propose a model for a solution that was capable of 
addressing both the external and the internal barriers at the same time, addressing the 
challenge of overcoming the internal/external dichotomy of barriers (Castro, 2016) and in 
contrast to Hixon and Buckenmeyer's (2009) assertion that the external barriers would be 
outside the control of the teachers.   
	
Castro •   86	
	
OUTLINES - CRITICAL PRACTICE STUDIES • Vol 19, No. 1 • 2018 
www.outlines.dk 
References 
Abdul Razzak, N. (2013). The effectiveness of a university-based professional 
development program in developing Bahraini school leaders’ management and 
leadership competencies of implementing effective school-wide professional 
development and ICT integration. Professional Development in Education, 39(5), 732–
753. https://doi.org/10.1080/19415257.2012.759127 
Almekhlafi, A. G. (2010). Teachers' perceptions of technology integration in the United 
Arab Emirates school classrooms.(Report). Journal of Educational Technology & 
Society, 13(1), n/a.  
Angeli, C., & Valanides, N. (2009). Epistemological and methodological issues for the 
conceptualization, development, and assessment of ICT-TPCK: Advances in 
technological pedagogical content knowledge (TPCK). Computers and Education, 
52(1), 154–168. https://doi.org/10.1016/j.compedu.2008.07.006 
Bradshaw, P., Twining, P., & Walsh, C. S. (2012). The Vital Program: Transforming ICT 
Professional Development. The American journal of distance education, 26(2), 74-85. 
doi: 10.1080/08923647.2012.655553 
Buabeng-Andoh, C. (2012). Factors influencing teachers ’ adoption and integration of 
information and communication technology into teaching: A review of the literature. 
International Journal of Education and Development Using Information and 
Communication Technology, 8(1), 136–155. 
Calderón, A. (2016). Historia del Currículum Matemático de Secundaria en Costa Rica 
desde 1890 al 2015. Uaricha Revista de Psicología, 13(30), 197–224. Retrieved from 
http://www.revistauaricha.umich.mx/ojs/index.php/uaricha/article/view/13 
Castro, W. (2016). An Activity Theory Approach To Study Barriers of Faculty Regarding 
Technology Integration in Higher an Activity Theory Approach To Study Barriers of 
Education, INTED2016 Proceedings, pp. 7232-7241.  
Castro, W. F., & Nyvang, T. (2018). From professors’ barriers to organisational conditions 
in ICT integration in higher education. Læring og medier, 10(18), doi: 
10.7146/lom.v10i18.96143 
Coto Chotto, M. (2008). Facilitating Communities of Practice in Teacher Professional 
Development. Sixth International Conference on Networked Learning, 54-60.  
Curwood, J. S. (2013). Applying the Design Framework to Technology Professional 
Development. Journal of Digital Learning in Teacher Education, 29(3), 89–96. 
https://doi.org/10.1080/21532974.2013.10784710 
Desantis, J. D. (2013). Exploring the Effects of Professional Development for the 
Interactive Whiteboard on Teachers ’ Technology Self-Efficacy. Journal of 
Information Technology Education: Research, 12, 343–362. 
Engestrom, Y. (2001). Expansive Learning at Work: toward an activity theoretical 
reconceptualization. Journal of Education and Work, 14(1), 133–156. 
https://doi.org/10.1080/13639080020028747 
Intervention to Identify and Overcome Barriers to the Integration of ICT   •   87 
	
OUTLINES - CRITICAL PRACTICE STUDIES • Vol 19, No. 1 • 2018 
www.outlines.dk 
Engeström, Y. (1999). Innovative learning in work teams: Analyzing cycles of knowledge 
creation in practice. Perspectives on Activity Theory, 377–406. 
https://doi.org/10.1017/CBO9780511812774.025 
Engeström, Y. (2011). From design experiments to formative interventions. Theory & 
Psychology, 21(5), 598–628. https://doi.org/10.1177/0959354311419252 
Engeström, Y. (2015). Learning by Expanding (Second Ed.). Cambridge University Press. 
Engeström, Y., Sannino, A., & Virkkunen, J. (2014). On the Methodological Demands of 
Formative Interventions. Mind, Culture, and Activity, 21(2), 118–128. 
https://doi.org/10.1080/10749039.2014.891868 
Ertmer, P. A. (1999). Addressing first- and second-order barriers to change: Strategies for 
technology integration. Educational Technology Research and Development. 
https://doi.org/10.1007/BF02299597 
Fraser, C., Kennedy, A., Reid, L., & McKinney, S. (2007). Teachers’ continuing 
professional development: contested concepts, understandings and models. Journal of 
In-service education, 33(2), 153-169. doi: 10.1080/13674580701292913 
Gibson, P. a., Stringer, K., Cotten, S. R., Simoni, Z., O’Neal, L. J., & Howell-Moroney, 
M. (2014). Changing teachers, changing students? the impact of a teacher-focused 
intervention on students’ computer usage, attitudes, and anxiety. Computers and 
Education, 71, 165–174. https://doi.org/10.1016/j.compedu.2013.10.002 
Goktas, Y., Gedik, N., & Baydas, O. (2013). Enablers and barriers to the use of ICT in 
primary schools in Turkey: A comparative study of 2005-2011. Computers and 
Education, 68, 211–222. https://doi.org/10.1016/j.compedu.2013.05.002 
Goktas, Y., Yildirim, S., & Yildirim, Z. (2009). Main barriers and possible enablers of 
ICTs Integration into pre-service teacher education programs. Educational Technology 
and Society, 12(1), 193–204. https://doi.org/Article 
Groff, J., & Mouza, C. (2008). A Framework for Addressing Challenges to Classroom 
Technology Use. AACE Journal, 16(1), 21–46. 
Guskey, T. R. (2002). Professional Development and Teacher Change. Teachers and 
Teaching: Theory and Practice, 8(3), 37–41. 
https://doi.org/http://dx.doi.org/10.1080/135406002100000512 
Haapasaari, A., Engeström, Y., & Kerosuo, H. (2014). The emergence of learners’ 
transformative agency in a Change Laboratory intervention. Journal of Education and 
Work, 9080(April 2014), 1–31. https://doi.org/10.1080/13639080.2014.900168 
Haydn, T. A., & Barton, R. (2007). Common needs and different agendas: How trainee 
teachers make progress in their ability to use ICT in subject teaching. Some lessons 
from the UK. Computers and Education, 49(4), 1018–1036. 
https://doi.org/10.1016/j.compedu.2005.12.006 
Hew, K. F., & Brush, T. (2007). Integrating technology into K-12 teaching and learning: 
Current knowledge gaps and recommendations for future research. Educational 
Technology Research and Development, 55(3), 223–252. 
https://doi.org/10.1007/s11423-006-9022-5 
Castro •   88	
	
OUTLINES - CRITICAL PRACTICE STUDIES • Vol 19, No. 1 • 2018 
www.outlines.dk 
Hixon, E., & Buckenmeyer, J. (2009). Revisiting Technology Integration in Schools: 
Implications for Professional Development. Computers in the Schools, 26(2), 130–146. 
https://doi.org/10.1080/07380560902906070 
Huang, R., & Price, J. K. (2014). ICT in Education in Global Context, 101–115. 
https://doi.org/10.1007/978-3-662-43927-2 
Illeris, K. (2014). Transformative Learning re-defined: as changes in elements of the 
identity. International Journal of Lifelong Education, 33(5), 573–586. 
https://doi.org/10.1080/02601370.2014.917128 
Jaipal Jamani, K. (2015). A Case Study of a TPACK-Based Approach to Teacher 
Professional Development: Teaching Science with Blogs. Contemporary issues in 
technology and teacher education, 15(2), 161-200. 
Kennedy, A. (2005). Models of continuing professional development: a framework for 
analysis. Journal of In-Service Education, 31(2), 235–250. 
https://doi.org/10.1080/13674580500200277 
Kinley, K. (2015). Professional Ddevelopment Through Participatory Design: An Attempt 
to Enhance ICT Use in Teaching at the Royal University of Bhutan. Aalborg 
Universitetsforlag. Ph.d.-serien for Det Humanistiske Fakultet, Aalborg Universitet, 
DOI: 10.5278/vbn.phd.hum.00008 
Koehler, M. J., & Mishra, P. (2008). Introducing TPCK. Handbook of Technological 
Pedagogical Content Knowledge TPCK for Educators. 
https://doi.org/10.1080/17439884.2011.549829 
Koh, J. H. L., & Chai, C. S. (2014). Teacher clusters and their perceptions of 
technological pedagogical content knowledge (TPACK) development through ICT 
lesson design. Computers and Education, 70, 222–232. 
https://doi.org/10.1016/j.compedu.2013.08.017 
Kopcha, T. J. (2012). Teachers’ perceptions of the barriers to technology integration and 
practices with technology under situated professional development. Computers and 
Education, 59(4), 1109–1121. https://doi.org/10.1016/j.compedu.2012.05.014 
Kozma, R. B. (2008). Comparative Analysis of Policies for Ict in Education. International 
Handbook of Information Technology in Primary and Secondary Education, (2003), 
1083–1096. https://doi.org/10.1007/978-0-387-73315-9_68 
Lavonen, J., Juuti, K., Aksela, M., & Meisalo, V. (2006). A professional development 
project for improving the use of information and communication technologies in 
science teaching. Technology, Pedagogy and Education, 15(2), 159–174. 
https://doi.org/10.1080/14759390600769144 
Lawless, K. a., & Pellegrino, J. W. (2007). Professional Development in Integrating 
Technology Into Teaching and Learning: Knowns, Unknowns, and Ways to Pursue 
Better Questions and Answers. Review of Educational Research, 77, 575–614. 
https://doi.org/10.3102/0034654307309921 
Lehiste, P. (2015). The impact of a professional development program on in-service 
teacher’s TPACK: A study from Estonia. Problems of Education in the 21st Century, 
66, 18–28. 
Intervention to Identify and Overcome Barriers to the Integration of ICT   •   89 
	
OUTLINES - CRITICAL PRACTICE STUDIES • Vol 19, No. 1 • 2018 
www.outlines.dk 
Pajo, K., & Wallace, C. (2001). Barriers to the uptake of web-based technology by 
university teachers. The Journal of Distance Education, 16(1), 70–84. Retrieved from 
http://www.jofde.ca/index.php/jde/article/view/171/127 
Peeraer, J., & Van Petegem, P. (2012). The limits of programmed professional 
development on integration of information and communication technology in 
education. Australasian Journal of Educational Technology, 28(6), 1039–1056. 
Phelps, R., & Graham, A. (2008). Developing technology together, together: A whole-
school metacognitive approach to ICT teacher professional development. Journal of 
Computing in Teacher Education, 24(4), 125–133. 
https://doi.org/10.1080/10402454.2008.10784598 
Polly, D., Mims, C., Shepherd, C. E., & Inan, F. (2010). Evidence of impact: 
Transforming teacher education with preparing tomorrow’s teachers to teach with 
technology (PT3) grants. Teaching and Teacher Education, 26(4), 863–870. 
https://doi.org/10.1016/j.tate.2009.10.024 
Rogers, L., & Twidle, J. (2013a). A pedagogical framework for developing innovative 
science teachers with ICT. Research in Science & Technological Education, 31(3), 
227–251. https://doi.org/10.1080/02635143.2013.833900 
Rogers, L., & Twidle, J. (2013b). A pedagogical framework for developing innovative 
science teachers with ICT. Research in Science & Technological Education, 31(3), 
227–251. https://doi.org/10.1080/02635143.2013.833900 
Unger, K. L., & Tracey, M. W. (2013). Examining the factors of a technology professional 
development intervention. Journal of Computing in Higher Education, 25(3), 123–146. 
https://doi.org/10.1007/s12528-013-9070-x 
Uslu, O. (2012). Effects of the professional development program on Turkish teachers: 
Technology integration along with attitude towards ict in education. Turkish Online 
Journal of Educational Technology, 11(3), 115–127. 
Virkkunen, J. (2006). Dilemmas in building shared transformative agency. Activities, 3(1), 
43–66. https://doi.org/10.4000/activites.1850 
Virkkunen, J., & Newnham, D. S. (2013). The change laboratory : A tool for collaborative 
development of work and education. The Change Laboratory : A Tool for Collaborative 
Development of Work and Education. https://doi.org/10.1007/978-94-6209-326-3 
Vygotsky, L. S. (1978). Mind and society. Harvard University Press. 
https://doi.org/(Original manuscripts [ca. 1930-1934]) 
Wang, S.-K., Hsu, H.-Y., Reeves, T. C., Coster, D. C., & Longhurst, M. (2014). 
Professional development to enhance teachers’ practices in using information and 
communication technologies (ICTs) as cognitive tools: Lessons learned from a design-
based research study. Computers & Education, 79, 101–115. 
https://doi.org/10.1016/j.compedu.2014.07.006 
 
Castro •   90	
	
OUTLINES - CRITICAL PRACTICE STUDIES • Vol 19, No. 1 • 2018 
www.outlines.dk 
Acknowledgement 
To the authorities, professors, students and administrative staff in Mathematics 
Department at Universidad Nacional, Costa Rica; who participated in the intervention or 
as an administrative support.  
About the author 
Willy Castro Guzmán is currently based at Universidad Nacional, Costa Rica. His 
research centres on the integration of technology in education with special focus in Higher 
Education.  
Contact: Academic Vicerrectory, Universidad Nacional, Costa Rica, Email: 
wcastro@una.cr. 
 
 
